We will be working in the groups for this exercise. Each group will select one of the following microbial control agents: antiseptics, disinfectants, antibiotics, hand washing or UV light. As a group, formulate an original testable hypothesis, using the methods in the manual as a guide to design your experiment. Groups will perform the experiment (make sure you include controls) deciding on incubation temperature and time, examine results and draw conclusions as a group. The collected information will then be compiled in a poster and presented at the end of the semester.
CHEMICAL METHODS TO CONTROL MICROBIAL GROWTH

6-1 DISINFECTANTS AND ANTISEPTICS
Chemicals that kill microorganisms or prevent the growth of microorganisms are called antimicrobial agents. They are widely used in various industries including, for example, health care settings and food service. Antimicrobial agents are found in a broad range of consumer products from mouthwash to cereal boxes and beyond. Concentration and contact time are the critical factors determining the effectiveness of an antimicrobial agent against a given microorganism. Microorganisms vary in their sensitivity to antimicrobial agents. The activity of many antimicrobial agents is aimed at blocking active metabolism and preventing the organism from generating the macromolecular constituents needed for reproduction. Because resting stages such as spores are metabolically dormant, they are not affected by such antimicrobial agents. Similarly, viruses are more resistant than other microorganisms to antimicrobial agents because they are also metabolically dormant outside host cells.
Antimicrobial agents are used in a wide variety of applications and are classified according to their application and spectrum of action. Germicides are chemical agents that kill microorganisms. Such chemicals may exhibit selective toxicity. Depending on the target organisms they are classified as viricides (viruses), bactericides (bacteria), algicides (algae), or fungicides (fungi). Whereas germicides kill growing microorganisms, "static" agents inhibit the growth of microorganisms but do not kill them i.e. when a bacteriostatic agent is removed, bacterial growth resumes.
Disinfectants are used on surfaces and equipment but not biological tissue. They can be either the germicidal or germistatic agents. Household cleaning agents often contain disinfectants to control the growth of microorganisms. Ammonia and bleach (hypochlorite) are widely used disinfectants. In general, the agents that oxidize biological macromolecules such as hypochlorite are effective disinfectants. Antiseptics are similar to disinfectants but may be applied safely to biological tissues. These substances are used for topical (surface) applications (e.g. on the skin) but are not necessarily safe for consumption. Alcohol (70%) is effective in reducing the numbers of microorganisms on the skin surface and is probably the most widely used antiseptic. It may be used on the skin in the area of a wound as well as for the disinfection of various contaminated objects. Alcohol may denature proteins, extract membrane lipids, and/or act as a dehydrating agent, contributing to its effectiveness as an antiseptic. Even viruses are inactivated by alcohol. Soap and water reduce the number of microorganisms on the skin but are not as effective as antiseptic agents. Iodine is another effective antiseptic agent, killing all types of bacteria including spores. It is frequently applied to minor wounds to kill microorganisms preventing infection. Various dyes used in selective media, such as crystal violet, are similarly used as antiseptic agents. Such dyes are normally effective bactericidal agents at concentrations of less than 1:10,000. Dilute solutions of heavy metals are also used in antiseptic formulations. Mercuric chloride, copper sulfate, and silver nitrate are examples of heavy metal containing compounds that are used to kill microorganisms. Silver nitrate is applied to the eyes of newborn human infants to kill possible microbial contaminants and is particularly important in precluding the transmission of gonococcal (gonorrhea) infections from an infected mother to the infant's eyes. Both cationic and anionic detergents are also used as antiseptics. Detergents containing quaternary ammonium salts are effective germicidal agents. In this exercise, you will examine the effectiveness of various products that are marketed as antiseptics and disinfectants. Uniformly "swab inoculate" the entire surface of the Petri plates with one of the broth cultures. This may be accomplished by swabbing to cover one-half of the plate area, rotating the plate 90°, swabbing over the initial inoculum with the same swab and covering one-half of the plate area, rotate the plate 90°, following the same procedure, and rotate the plate one more time repeating procedure. You will be swabbing 4 different times. 2. Label the agar side of the Petri plates with the name of the microorganism being tested. Indicate which substance is being evaluated for each disk placed on the agar surface. 3. Using sterile forceps, dip a sterile filter disk into one of the solutions provided and place the saturated disk onto one of the inoculated agar plates. (If there is an excess of solution on the filter paper disk, drain it on a paper towel prior to placing on the agar.) 4. Repeat this procedure for all solutions being tested. 5. Incubate the cultures for 24-48 hr. 
WEEK TWO
6-2 ANTIMICROBIAL AGENTS USED IN VIVO: SUSCEPTIBILITY TESTING
Resistance of microbes to the effects of antimicrobial agents is a serious problem in the world today. In 2014, the World Health Organization Global Surveillance Report (2) stated the problem is "so serious that it threatens the achievements of modern medicine. A post-antibiotic era -in which common infections and minor injuries can kill -far from being an apocalyptic fantasy, is instead a very real possibility for the 21st Century." Monitoring the susceptibility/resistance of microbes has become critically important. The Kirby-Bauer method (3) is the classical method for determining the susceptibility of an organism to an antimicrobial agent. An agar plate is inoculated with the culture to be evaluated. The antimicrobial agent is allowed to diffuse into the agar medium, usually from a filter paper disc. The entire surface of a Petri dish is swab inoculated with the test organism to create a "lawn" of growth. A filter paper disk impregnated with an antimicrobial agent is applied to the surface of the inoculated agar plate. The antibiotic diffuses radially from the round filter paper into the agar: the concentration decreases as a function of the square of the distance from the disk. At some distance from each disk, the antimicrobial agent is diluted to the point that it no longer inhibits microbial growth. The effectiveness of a particular antimicrobial evidenced by the presence of growth inhibition-zones (Fig 6.3) . These zones of inhibition appear as clear areas surrounding the disks. The diameter of the zones is measured, and the relative efficacy of the antimicrobial agent is determined by comparing measured zone sizes to standards. The relative effectiveness of different antibiotics provides the basis for the sensitivity spectrum of the organism. The disk diffusion method represents a simple procedure for screening substances to determine if they have significant antimicrobial activity. The relative sensitivity of the organism is one factor considered in selecting antimicrobial agents for treatment. A number of experimental variables including viscosity of the culture medium, solubility of the antimicrobial agent etc. influence the size of the clearing zone. Many antimicrobial compounds produce adverse effects that must be considered when prescribing chemotherapeutic agents.
In this exercise, you will test the susceptibility of bacteria to a number of antimicrobial agents. Although we tend to think of antibacterial agents as antibiotics, this is not the proper terminology. In 1947, Selman Waksman (4) defined antibiotics as "chemical substances that are produced by microorganisms and that have the capacity, in dilute solution, to selectively inhibit the growth of and even to destroy other microorganisms." Antibiotics are then, by definition, natural products affecting any other microbe. The term "antimicrobial agent" broadly refers to any compound, natural or synthetic, that inhibits the growth of a microbe (bacterial, fungal, viral, protozoal etc.) Please use these terms correctly.
MATERIALS
Cultures of your choice
Filter disks containing a number of different antimicrobial agents at various dosages Ethanol Mueller Hinton Agar Plates, 150 mm in diameter Ruler graduated in millimeters Tweezers PROCEDURE -WEEK 1 1. Uniformly "swab inoculate" the entire surface of the Petri plates with one of the broth cultures. This may be accomplished by swabbing to cover one-half of the plate area, rotating the plate 90°, swabbing over the initial inoculum with the same swab and covering one-half of the plate area, rotate the plate 90°, following the same procedure, and rotate the plate one more time repeating procedure. You will be swabbing 4 different times. 2. Aseptically place antimicrobial disks on the culture plates. Using sterile forceps place the antimicrobial disks on the surface of the agar plate inoculated with the test organism; space them in equal sectors such that no more than 8 disks are placed on a plate. 
6-3 HANDWASHING
Prior to the discovery of microorganisms, little attention was paid to handwashing and other routine methods of cleanliness that are commonplace today. In the mid-nineteenth century, the relationship between handwashing by obstetrical workers and the development of puerperal fever after delivery was recognized. When the obstetrical staff orderlies washed their hands in hypochlorite, there was a tenfold decrease in the rate of puerperal fever (other doctors working in a different ward ignored this result!). Today we routinely wash our hands and surgeons thoroughly scrub before an operation. Washing removes transient microorganisms that accumulate on the skin surface and also removes excess populations of the normal microbiota that are indigenous to the skin.
In this exercise, you will determine the effectiveness of handwashing in removing microorganisms from the skin. We will be using RODAC (Replicate Organism Detection and Counting) plates. These plates are specifically suited to testing surfaces as they have a positive agar meniscus as they are slightly over-filled.
MATERIALS
Soap Water Sterile swabs Trypticase soy agar plates (RODAC (Replicate Organism Detection and Counting) plates)
PROCEDURES -WEEK ONE 1. Each student in the group will be assigned a different handwashing product. 2. Each student will then place his or her unwashed hand on a Rodac plate (i.e. inoculate the plate with the palm of your hand). 3. Hands will then be washed with ONE of the soaps and antimicrobial products provided and rinse your hands with tap water (you decide the time frame). 4. The washed hand (use the one that previously placed on the plate) will now be applied to a second plate. 5. As a control, swab a plate with tap water, using a cotton swab. 6. Incubate the cultures at 35˚C for 48 hr. 
WEEK TWO
PHYSICAL METHODS TO CONTROL MICROBIAL GROWTH
6-4 ULTRAVIOLET LIGHT Ultraviolet radiation has a lethal effect on microorganisms. Its penetrating power, however, is less than gamma radiation (as UV is longer wavelength electromagnetic radiation than gamma rays). In spite of its limited penetrating power, UV radiation is useful and is used primarily for sterilizing air entering hospital operating rooms, and air and surfaces such as table tops in transfer rooms. The greatest germicidal activity of ultraviolet radiation is at the wavelength of 260 nm, the absorption maximum of deoxyribonucleic acid (DNA). The principal mechanism by which UV light exerts its lethal effect is by damaging the DNA molecule. UV radiation causes the crosslinking of adjacent thymine bases to yield thymine-thymine dimmers, which inhibits replication of DNA. Microorganisms vary in their susceptibility to the lethal effects of UV radiation. Some bacteria have very efficient repair mechanisms that are responsible for specifically repairing the DNA damaged by UV light. Furthermore, UV radiation is relatively ineffective against bacteria such as Bacillus and Clostridium, which can form endospores (resting cells) in which DNA is not synthesized. An alternative defense is of pigments that protect organisms from the effects of radiation. Was present at some meetings. Missed most of the meetings.
MATERIALS
Contribution
Contributed to all discussions and submitted high-quality work for assigned tasks.
Contributed to some discussions and submitted average work for assigned tasks.
Did not contribute to most discussions and did not submit work for assigned tasks. 
Did not contribute to most discussions and did not submit work for assigned tasks.
Communication
Communicated clearly with all group members during meetings and outside of class.
Communicated with some group members during meetings, but may have failed to communicate outside of class (slow email responses).
Did not communicate during meetings and failed to communicate outside of class (slow or no email responses).
Scoring Dimension
Exemplary ( Was present at some meetings. Missed most of the meetings.
Contribution
Did not contribute to most discussions and did not submit work for assigned tasks. Reference list is present but in incorrect format.
Reference list is incomplete and incorrect format. x1
Oral Poster Presentation
Presenters spoke clearly and presented in a logical, organized manner.
Presenters spoke well but had some problems with logic or organization.
Presenters were not well understood and presentation lacked logic and organization.
